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Introduction. The work focuses on solving quality problems of castings made of Al-Si-Mg alloy (AK9). The paper draws 
attention to the absence of a unified theory of alloy modification and the need to find solutions that ensure good product 
quality. The reasons for bad quality due to the weak justification of the choice of the manufacturer of the initial charge 
material — ingots are considered. Ingots from two suppliers are compared in terms of the structural-phase state. The paper 
shows how it causes defects in castings. The inefficiency of traditional methods of suppressing the formation of brittle 
plates of the iron-containing phase in the alloy of the Al-Si-Mg system due to the presence of Mn in the chemical 
composition of the alloy is noted. If the specified flaw is inherited from the source material, the generally accepted 
approach does not work. The article formulates the recommendations for solving this problem. The introduction of the 
proposed approach into production practice can open the way to solving an important applied task — to improve the 
wording of tasks for tenders. The relevance of the study is due to the widespread use of alloys of the Al-Si-Mg (AK9) 
system in modern mechanical engineering, including in aerospace structures. The work objective is to study the influence 
of the structural-phase state of the source material on the qualitative characteristics of finished castings from the Al-Si- 
Mg alloy system. 

Materials and Methods. Eight casts were analyzed, in which ingots from two manufacturers were used. Radiography 
revealed a correlation between the fracture structure of castings, structure and quality indicators. Scanning electron 
microscopy was used to analyze the microstructure and chemical composition of the phases. When setting quality 
requirements, the authors proceeded from the existing industry and state standards. The conditions of heat treatment of 
samples were taken from the same documents. The spectrograms were visualized as graphs showing the intensity of the 
element peak in the Auger spectrum and the energy of the electrons resulting from the Auger effect. 

Results. The results of radiography gave grounds to assert that the products provided by supplier No. 1 had significant 
advantages in terms of quality. If we focused on the industry standard, the exclusion of the 2nd supplier's ingots from the 
process ensured the production of products without casting defects at the level of 73 %. Otherwise, this figure did not 
exceed 57 %. The rejection indicators were discontinuities, clusters of flaws, high porosity. After melting 5—8, which 
involved the materials of the 2nd manufacturer, the fractures of the samples after rupture were investigated. Locations 
with smooth, viscous and mixed relief are highlighted. An increase of up to x500 made it possible to establish insignificant 
areas with a viscous relief, which was characteristic of brittle fracture by the cleavage mechanism. The absence of 
inclusions and liquations was established. The microstructure of the sections from discontinuous samples was considered. 
It turned out that it corresponded to the modified and heat-treated state of the AK9ch alloy without signs of burnout. 
Individual dark needle-like phases and single pores were noted. The conditions of dispersed Si precipitations, 
Al32Si1oFesMn and Al37SisFesMn chipping, as well as the separation of the Al36Si3Fes6Mn3 phase in skeletal form were 
described. The advantages of the microstructure of ingots samples from manufacturer No. | were listed. It corresponded 


© Muratov VS, Kazakov MS, 2023 


Muratov VS, et al. Influence of the Structural-Phase Composition of the Initial Charge Material on the Qualitative Characteristics 


to the modified state of the AK9ch alloy. The branches of dendrites and the sizes of silicon inclusions were smaller. 
Needle-like phases of AlxSiyFezMng were not detected. 

Discussion and Conclusion. Light areas in the castings fractures were formed by a brittle fracture mechanism, which is 
due to the presence of Al,SiyFe,Mn, phase plates in the alloy structure. If iron-containing phases are inherited from the 
source material, then traditional methods of suppressing formation do not lead to the creation of compact equiaxed 
polyhedra. To improve the quality of castings, it is recommended to use ingots with a pre-modified structure, without 
including phase plates of variable composition AlxSiyFe-Mng. The results obtained can be used, among other things, to 
justify the requirements for the material during tenders, which will enable the enterprises of the machine-building industry 
to improve the quality of products and reduce the cost of marriage. As a result, this will increase their competitiveness in 


the Russian and world markets. 
Keywords: brittle plates of the iron-containing phase, Al-Si-Mg system alloy, structure-modified ingots, charge quality 
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AnHoTayna 

Beedenue. Padota dboxycupyetca Ha pellieHHu WpoOsIeM KayecTBa OTIIMBOK v3 crtaBa Al-Si-Mg (AK9). OrmeueHsr 
OTCYTCTBHe eMHOM TeOpHH MOAMPUUMpOBaHHA CIIaBOB MH HeOOXOAMMOCTb MOMCKa peleHHi, oOecneyMBarIOLWHx 
xopollee KavecTBO IpOAyKUHH. PaccmatpyBaloTca IpH4nHbl Opaka H3-3a cuadoro OOOCHOBaHHA BbIOOpa MpOu3BOANTeA 
MCXOJHOFO WIMXTOBOrO MaTepHasia — uyleK. UyLIKH OT JBYX MOCTaBLIMKOB CpaBHHBaloTCA C TOUKH 3PeCHHA CTpyKTyPHO- 
cba3z0Boro coctosHus. IloKa3aHo, KaK OHO oOycIOBNIMBaeT JedeKTbI OTMHBOK. OtTMeyeHa HeadpdeKTHBHOCT 
TPaMIMOHHBIX MeTOAOB NosaBueHHA OOpa3z0BaHHA XPyMKHX IWIacTHH 2%KeresocoyepxKallen (pasbl B ClyIaBe cHcTeMBI Al- 
Si-Mg 3a cueT npucyTcTBua B XMMMYeCKOM cocTaBe cnmaBa Mn. Ecam yka3aHHbiii HefocTaTOK HacsleqyeTca 
M3 HCXOQHOrO MaTepHasia, OOWeIpHHATEIN NOAXoA He cpaOaTEIBaeT. CcopMysMpoBaHbI peKOMeHAAalHU 0 pelleHH1o 
93TOH BBIABIICHHOM NpoOsIeMbI. BHezpenue mpew02%xKeCHHOFO NOAXO a B IpOH3BOACTBEHHYIO IIpaKTHKy CIOCOOHO OTKPBITb 
IYTb K pelWeHHIO BaKHOM NPHKIaHON 3aqa4wn — yNyYWMTb POpMyMpOBKH 3aaHH Wa TeHyepos. AKTyasIbHOCTb 
YiccIeqOBaHHA OOycIOBIeHa UWIMpoOKMM TpwMeHeHveM criaBoB cucTempr Al-Si-Mg (AK9) B coBppemMeHHoM 
MallUIMHOCTpoeHHH, B TOM 4HCIe B aIPOKOCMHMYeCKHX KOHCTpyKyMAXx. Lenb WaHHOw paOoTbl — v3Y4HTb BIMAHHe 
CTPyKTypHO-(a30Boro COCTOAHHA MCXOAHOrO MaTepHasia Ha Ka4eCTBeHHble XapaKTePpHCTHKM TOTOBBIX OTJIMBOK 
43 criilaBa cuctempl Al-Si-Mg. 

Mamepuansit u memoodoi. Ilpoananm3upoBaHbl BOCe€Mb TJIaBOK, B KOTOPBIX MCHONb3OBaIMCh UYINKH JByX 
Mpovu3BoyuTesen. PextreHorpapua NO3BOMMa BLIABHTb KOPpeJIALHIO MEXK]Y CTPOCHHeM H3JIOMa OTJIMBOK, CTPyKTypor 
M KavyeCTBCHHbIMH HWOKa3aTeamMH. J\it aHasIM43a MMKPOCTpyKTypbl HM XMMMYeCKOrO cocTaBa (a3 HCHONb30BaI 
CKAaHMPyIOMy!tO 9JIEKTPOHHY!O MMKpockornMio. YcTaHaBIMBad TpeOoBaHHA K KayeCTBY, HCXOAMIIM U3 elCTBYIOUIMx 
OTpacueBbIX H TOcyapcTBeHHbIX cTaHJapToB. M3 sTHx xe AOKYMeHTOB Opa ycuoBuA TepMuyecKOH oOpaboTKH 
oOpa3yoB. CrieKTporpaMMBI BH3yasIM3HpOBasIN B Bue rTpaPukKoB, JeEMOHCTpHpY!OWHX HHTCHCMBHOCTh IMKa 9JIEMeHTa 


B O#KEC-CUeKTpe MH SHEP JICKTPOHOB, BOSHHKINMX B pe3sysJIbTaTe oxxe-3cpexta. 
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Pezyiesmamobt ucciedoeanua. Pe3syibtaTbl peHTreHorpapunH aloT OCHOBaHHA YTBepxKJaTb, 4YTO MpoAyKUMA, 
TipefocTaBiaemaax moctapujwKomM Nel, oOmagaeT 3Ha4MMbIMM TIpeHMylecTBaMH B IlaHe KauyecTBa. Ecuu 
OpHeHTHMpoBaTECA Ha OTpaceBoOM CTAaHAapT, HCKIOYeHHe U3 Mpoecca 4ywieK 2-ro NocTaBLIHKa OOecre4YNBaeT BbIILYCK 
TIpowykiuu Oe3 WuTeHMHEIX WedeKToB Ha ypoBHe 73 %. B MpoTHBHOM cCJIyYae 9TOT MOKa3aTeb He MpeBbicul 57 %. 
bpakoBouHbIMu HHAMKaTopaMy OBLIM HeECIWIOWIHOCTH, CKOMICHHA pakOBHH, BbICOKad MopucTocTs. Iocme n1aBoK 5-8, 
KOTOpble 3a/eHCTBOBaIH MaTepHasIbI 2-roO MpPOM3BOAMTeIA, UCCIeAOBAIHCb V3JIOMbI OOpa3I{OB Moce pa3pbiBa. 
BoijeneHbI JOKalun Cc rilayKMM, BA3KHM H CMeIIaHHbIM pesibedom. YBesuuenve Bo <500 mo3BoMI0 yCTaHOBUTb 
He3Ha4HTeIbHbIe YYaCTKH C BA3KHM pelIbeqpoM, YTO XapaKTePHO AIA XpyUKOrO pa3pylWieHHA TO MexaHH3My CKOJIa. 
YcTaHOBJIeHO OTCYTCTBHE BKJIIOUeHHH HW IMKBalHi. PaccmoTpeHa MHKpOCcTpyKTypa WIWIM(OB M3 pa3pbIBHbIX OOpa3iloB. 
BbIACHHJIOCh, YTO OHA COOTBETCTBYeT MOAHPUUMPpOBaHHOMYy M TepMooOpaboTaHHomy cocTosHuIo0 criaBa AK94 6e3 
IIpH3HaKOB Wepexkora. OTMe4eHbI OTACIbHbIe TeEMHbIe HroObYaTEle (:ba3sbl H CAMHHYHbIe Mopbl. OnncaHbl ycuoBHa 
TMcTepcHEIx BEIZeueHHH Si, BbIKpamMBaHHa Al32Siio0FesMn u Al37SisFesMn, a Takxe BbIqemeHue tba3br Al36Si3Fe6Mn3 
B CKeyIeTOoOpa3Hon popme. IlepeancreHbl mpenMylecTBa MUKPOCTpyKTypbI OOpa3yoB 4yWeK OT MpousBoANTessA Ne 1. 
Ona cooTBeTcTByeT MOAMuyMpoBaHHOMy cocTosHuIO ciaBa AK9y. BeTBu eHAPHTOB HM pa3Mepbl BKIIOUCHHH 
KpeMHua MeHbite. He oOnapy2xKuBaloTca urmO00Opa3Hbtle (pa3zbt Al,SiyFe-Mng. 

O6cystcdenue u 3akKii04uenue. CBeTIble yuaCTKH B HW3IOMaX OTIIMBOK OOpa30BaIMcb M10 XpyKOMy MexaHH3My 
pa3pylieHua, 4YTO CBA3AHO C HaIM4uHeM B CTpyKType ciiiaBa WiacTHH (a3br Al,SiyFe-Mng. Ecsm 2xene3s0coyepxKanine 
(pa3bIl HacJIeAyIOTCA U3 MCXOQHOTO MaTepHasla, TO TpawMUHOHHbIe MeTOALI WOAaBIeHHA OOpas0BaHuA He MpHBOAAT 
K CO3aHHIO KOMMAaKTHBIX PaBHOOCHBIX MOMHIApOB. JIA MOBbILICHHA KAYCCTBA OTIIMBOK PCKOMCHYeTCA HCIOIb30BaTb 
YYWKH C TIpeqBapHTeIbHO MOAHPULMPOBaHHOM CTpyKTypoH, 6e3 BKMIOUCHHA IWIacTHH (a3sbl MepeMeHHOrO cocTaBa 
AlxSiyFe,Mng. [lomy4enuple pe3yIbTaTbl MOXKHO 3a/{eHCTBOBaTb B TOM 4HCIe Jd OOOCHOBaHHA TpeOoBaHHli K MaTepHasly 
IIPH IpOBeAeCHHH TeHAepoOB, ATO JaCT BO3MOXHOCTh MpeAMPHATHAM MalWIMHOCTPOUTeJIbHOM OTPacIIM YJIYYWIHTb KayeCTBO 
MpOAYKUMH U CHU3HTb 3aTpaTbl Ha Opak. B uTore 3TO HOBbICHT HX KOHKYPeHTOCIIOCOOHOCTh Ha POCCHHCKOM H MHPOBOM 
PbIHKe. 


KsoyeBbie cJI0Ba: XpylIKHe IJIaCTHHbl  2xKeesocoyepxKalle ca3zbl, cimaB cHctempt Al-Si-Mg, 4yuIKH 


C MOAMPHUMpOBaHHOH CTpyKTypoOH, KaYeCTBO LIMXTbI 


ba arojapHoOcTH: aBTOPbI BbIpaxKatoT OnaroyjapHOcCTh peqakuMoHHOon KOJIICrHH = KypHalia U PpeueH3eHTy 
3a IIpodeccHOHasIbHbIii aHaJIn3 HW peKOMCHalHn JIA KOppeCKTHPOBKH CTaTbH. 


Aaa waTnupopannsa. Mypartos B.C., Kasaxop M.C. Brusuve cTpyKTypHO-(a30Boro0 COCTOAHHA UCXOAHOrO MaTepuasia 
IJMXTbI Ha KaYeCTBCHHbIe XapaKTePHCTHKUM OTIMBOK 3 cryiaBa cucTembI Al-Si-Mg. bezsonacnocmb mexnozeHHoix 
u npupooneix cucmem. 2023;7(3):66—76. https://doi.org/10.23947/2541-9129-2023-7-3-66-76 


Introduction. According to GOST 1583-93! alloys of the Al-Si-Mg (AK9) system belong to the first group 
(silumins). They are widely used in modern mechanical engineering. In aerospace structures, aluminum alloy castings 
account for 3—5 % of the mass [1]. 

The use of cast blanks in comparison with deformed semi-finished products can reduce the complexity of machining 
parts and increase the metal utilization factor several times [2]. In the aerospace industry, this alloy is used to produce 
parts that are complex in configuration, operating at medium loads and temperatures from minus 196 to plus 175 °C?. 
Main characteristics of the alloy: 

— good casting properties; 

— tightness; 

— corrosion resistance; 

— weldability; 

— low density; 


— relatively high modulus of elasticity; 


' GOST 1583-93. Aluminium casting alloys. Specifications. Biblioteka GOSTov. URL: http://vsegost.com/Catalog/18/18745.shtml (accessed: 
22.08.2023). 


* OST 92-0920-85.  Metally i  splavy  tsvetnye. Marki,  razreshennye  k_ primeneniyu. Tekhnicheskaya literatura. URL: 
https://booktech.ru/normativy/ost/ost-92-0920-85-metally-i-splavy-cvetnye-marki-razreshennye-k-primeneniyu.html (accessed: 22.08.2023). 
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— low temperature coefficient of linear expansion; 

— wear resistance; 

— affordable price [3-7]. 

The properties of silumins depend on the conditions of melting and subsequent processing [8]. An effective method 
of improving their structure and properties is modification with multicomponent compositions. This makes it possible to 
influence not only silicon, which is part of the eutectic (a+Si), but also primary silicon crystals [9-10]. Let us note the 
need to effectively deal with such a disadvantage of Al-Si-Mg alloys as gas absorption. For this purpose, degassing fluxes 
and modification at low temperatures are used [11]. Currently, there is no unified theory of modification, so the search 
for optimal solutions continues to ensure a high level of product quality, compliance with regulatory and design 
documentation [11]. The presented work is intended to partially compensate for the lack of data in this area. 

Control plays a leading role in improving the quality of castings. Its tasks are: 

— to exclude the ingress of defective castings for machining and assembly; 

— to create conditions for critical analysis and improvement of foundry technology. 

The complexity of technological processes of foundries is associated with the use of a wide range of materials. The 
formation of the quality of castings is determined by many factors. The most critical of them are: 

— the quality of the initial molding, charge and auxiliary materials; 

— the level of mechanization and automation of the technological process; 

— the compliance with the technological process at all stages of production; 

— the organization of production and workshop management. 

Within the framework of the presented work, the reasons for the growth of waste associated with an insufficiently 
justified choice of the manufacturer of the charge material — ingots are analyzed. The recommendations are given to 
eliminate this problem. A comparative analysis of the structural and phase state of the source material from two suppliers 
was performed. It is shown how defects in castings of the Al-Si-Mg alloy system depend on the structural and phase state 
of the initial charge materials. 

It should be recognized that traditional methods of suppressing the formation of brittle plates of the iron-containing 
phase in the alloy of the Al-Si-Mg system are ineffective due to the mandatory presence of Mn in the chemical 
composition of the alloy. We are talking about cases when the specified defect is inherited from the source material. The 
recommendations for solving this identified problem are formulated. To improve the quality of castings, it is advisable to 
use a charge of ingots with a pre-modified structure. It should not include phase plates of variable composition 
AlxSiyFezMnq. 

The work objective is to study the influence of the structural-phase state of the source material on the qualitative 
characteristics of finished castings from the Al-Si-Mg alloy system. 

Materials and Methods. According to the results of eight melts, the characteristics of castings made of AK9ch alloy 
were analyzed. Ingots from manufacturers No. | and No. 2 were used as the starting material. Ingots were melted down 
with waste from their own production (substandard castings made of AK9ch alloy). Table 1 provides the percentage of 
materials. The manufacturer is selected based on the results of competitive procurement for reasons of economic 
feasibility. In any case, the material must comply with GOST 1583-96. The method of manufacture is permanent-mold 
casting. 

Table | 


Percentage (by weight) of raw materials in the general melting 


: Manufacturer Manufacturer Waste of own 
Melting no. . 
no. 1 no. 2 production 
1 40 0 60 
2 35 0 65 
3 25 0 75 
4 20 0 80 
5 20 5 715 
6 10 20 70 
7 5 20 75 
8 0 20 80 
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Chemical composition of the samples was determined by the spectral method on MFS-8 device. Mechanical properties 
were studied on separately cast samples (GOST 1497-843) after heat treatment in T6 mode (quenching — 535 + 5 °C, 
cooling in water, aging — 175 +5 °C). To determine the mechanical properties, a strength testing machine UTS-111.2- 
100-22 was used. The microstructure was studied by the cuts from wedge samples, ingots and discontinuous samples 
etched in Keller reagent, as well as on the fractures. The Zeiss Stemi2000-C stereoscopic microscope and Carl Zeiss 
AxiovertA1 metallographic microscope were used. The scanning electron microscopy method was implemented using 
the JED-2300 AnalysisStation microscope. The chemical composition of the phases was recorded by electron microprobe 
analysis. The macrostructure was evaluated on the fractures of wedge samples, as well as on the templates etched in an 
alkaline solution, cut from wedge samples and ingots. The presence of internal defects of castings was determined using 
the Ruslan-225 X-ray machine. 

Results. Chemical composition of the samples from each melting is presented in Table 2. 

Table 2 


Results of determination of chemical composition of samples 


Melting Content of elements, mass. % 
no. Al Si Mg Mn Fe Cu Zn Ti Zr Be 
1 8.71 | 0.22 | 0.28 | 0.44 | <0.1 | <0.2 | 0.082 | <0.1 <0,1 
2 9.35 | 0.24 | 0.31 | 0.44 0.1 <0.2 | 0.097 | 0.03 <0,1 
3 8.56 | 0.23 | 0.28 | 045 | 0.12 | <0.2 | 0.06 | 0.03 <0,1 
4 Base 9.28 | 0.23 | 0.32 | 0.44 | 0.12 | <0.2 0.1 0.03 <0,1 
5 8.8 0.26 0.3 0.45 | 0.11 | <0.2 | 0.065 | 0.03 <0,1 
6 8.5 0.23 | 0.28 | 0.52 | 0.13 | <0.2 | <0.05 | <0.1 <0,1 
7 8.8 0.26 0.3 0.45 | 0.11 | <0.2 | 0.055 | 0.03 <0,1 
8 9.28 | 0.23 | 0.32 | 0.44 | 0.12 | <0.2 | <O.1 | <O.1 <0,1 
Requirements according to GOST 1583-93 
8— | 0.17—) 0.2- 
Base <0.9 | <0.3 0.3 + <0.15 <0.1 
10.5 | 0.30 0.5 


Data from Table 2 prove that chemical composition of the material of castings from all charges corresponds to 
GOST 1583-93. 
The results of the mechanical properties test are presented in Table 3. 


Table 3 
Results of mechanical properties tests 
Melting 
Oz, MPa 6, % 
no. 
1 280 9 
2 280 6 
3 270 7 
4 280 3 
a 340 6 
6 290 6 
7 340 6 
8 290 7 
Requirements according to GOST 
= 235 =3 


3 GOST 1497-84. Metals. Methods of tension test. Biblioteka GOSTov. URL: http://vsegost.com/Catalog/46/4616.shtml (accessed: 25.07.2023). 
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From the Table 3 it can be seen that according to the level of mechanical properties, the material of castings from all 
charges met the requirements of GOST 1583-93 for the T6 condition. Temporal tear resistance and elongation were 
compared. 

X-ray radiography showed that for melts 1-4, in which there were no ingots from manufacturer No. 2, the yield of 
suitable products corresponding to OST 92-1165-2014 in terms of casting defects was 73 %. For melts 5—8, the yield of 
suitable products was 57 %. Rejection signs: 

— irregularities in the form of shells; 

— clusters of shells; 

— porosity beyond the permissible level according to the X-ray standard (X-ray film obtained after X-ray inspection 
of the sample with a normalized porosity corresponding to a certain score’). 

The study of the fractures of wedge samples showed that the fracture of light gray, matte, with small, light, shiny areas 
of various shapes and sizes was characteristic for melts 5—8 (Fig. 1). 


Fig. 1. The appearance of the fracture of melts 5—8 (magnification 6.5) 


No inclusions or other defects were detected in the microstructure under the surface of the fractures, which would 
unambiguously cause bright, shiny areas. Porosity of 2 points according to GOST 1583-93 was observed in the 
macrostructure of some melts under the fracture surface. The presence of porosity did not explain the light areas in the 
fractures, since porosity was not observed on all wedge samples, but the appearance of all fractures was identical. 

Fractures of tensile samples obtained after testing the mechanical properties of melts 5-8 were examined under an 
electron microscope. The bright, shiny areas (Fig. 1) corresponded to the dark area in Fig. 2 a. The appearance of the 
fracture surface at various magnifications is shown in Fig. 2. 


4 OST 92-1165-75. Castings made of aluminum alloys. Technical requirements. Technical literature. URL: 
75-ot mt ninievy t (accessed 21.07.2023). 
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Fig. 2. The fracture surface of the tensile sample: a — general view with magnification x50; 
b — areas with smooth relief with magnification x150; c — mixed relief with magnification x200; 
d —a large smoothed section of the fracture with magnification x200 


When magnified to x500, it could be seen that the shiny areas were depressions, more often with a smoothed surface. 
There were minor areas with a viscous relief, which was characteristic of brittle fracture by the mechanism of chipping. 
The main part of the fracture surface had a viscous relief. The results of micro-X-ray spectral analysis of the fracture 
surface at points 11, 12,13 (Fig. 2) are presented in Table 4. Points 11 and 13 correspond to smoothed areas, 


point 12 — viscous. 
Table 4 


Chemical analysis of the fracture zone surface 


Point no. Content of elements, mass. % 
(see Fig. 2) Mg Al Si Fe 
11 4.71 82.61 | 11.27 1.41 
12 4.51 83.35 | 9.46 2.68 
13 5.13 | 84.72 | 8.11 2.04 


The spectrograms of the points were identical (Fig. 3). No significant differences in chemical composition were 
revealed between the zones with viscous and brittle smoothed relief, which indicated the absence of inclusions and 
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Fig. 3. Spectrogram of the electron microprobe analysis results of the fracture surface: a — point 11 from Fig. 2; b — point 12 from 


Fig. 2. Here the intensity of the peak of the element in the Auger spectrum and the energy of the electrons generated as a result of the 
Auger effect are shown 


The microstructure studied on the sections made of discontinuous samples (melts 5—8) corresponded to the modified 
and heat-treated state of the AK9ch alloy without signs of burnout (Fig. 4 a). Separate dark needle-like phases and single 
pores were observed. The main phase components of the microstructure were clearly visible under an electron microscope 
(Fig. 4 b). 


a) b) 
Fig. 4. Appearance of the microstructure: a — light optical microscopy with magnification x200; 
b — electron microscopy with magnification x250 


The data of electron microscopy and electron microprobe analysis made it possible to determine the main phases: 
a (light zones), o+Si (dark zones). In the a+Si phase, dispersed Si precipitations of less than 5 microns in size were 
observed (Fig. 5 a). Electron microprobe analysis showed that Al32Sijo0FesMn and Al37SisFesMn (Fig. 5 b, 5 c) were 
partially crumbled during grinding and polishing (Fig. 5 c). The separation of Al36Si3FesMn3 phase in a skeletal form was 
also observed (Fig. 5 d). 


a) b) 
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Fig. 5. Microstructure of melting samples (5—8): a — separation of silicon with magnification x2000; b — phases Als2Si1o0FesMn and 
Als7SisFesMn with magnification x1000; c — chipping of brittle plates of phases Al32Si1oFesMn u and Al37SisFesMn with 
magnification x750; d — phase Al36Si3FeoMns3 in skeletal form with magnification x500 


The microstructure of the ingot samples from manufacturer No. 1 corresponded to the modified state of the 
AK9ch alloy. The branches of the dendrites were significantly smaller than in the sample of the ingot from supplier No. 2. 
The sizes of silicon inclusions were up to 4 microns. They were homogeneous and had a globular appearance. The main 
phases were a and a+Si (Fig. 6 a). Needle-like phases of Al,SiyFe-Mn, were not found in the structure of ingot samples 


from manufacturer No. 1. 


c) 


Fig. 6. The microstructure of the initial ingot: a — manufacturer No. 1, 70 microns with magnification x500; 
b — manufacturer No. 2, 70 microns with magnification x500; c — plate phase in the microstructure of the ingot from manufacturer 
No. 2, 20 microns with magnification x1000 


The microstructure of the ingot sample from supplier No. 2 corresponded to the unmodified state of the AK9ch alloy. 
The branches of dendrites were large. Silicon inclusions were needle-shaped and large. The main phases were a and a+Si 
(Fig. 6 b). Phases in the form of dark needle-like inclusions were observed (Fig. 6c). 

The analysis of the results of the study suggests that the structural-phase composition of the alloy determines the 
presence of shiny areas in the fracture of samples from melts 5—8. These are areas with smoothed relief — the results of 
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brittle destruction. The most probable cause of this phenomenon is the presence of zones with coarse needle-like 
precipitation, which are brittle Al,SiyFe,Mn, plates with a pronounced interface. During stretching or other destructive 
tests, these precipitations act as concentrators (breaks in the metal). Accordingly, when the crack development front goes 
through them, they chip off. Let us explain. Lamellar precipitates are solid and poorly retained in the base metal. In the 
process of grinding and polishing the samples, they crumble, leaving cavities with smooth walls. In their place are smooth 
areas that shine in the fracture. It can also be assumed that these phases are stable in the melt (do not dissolve in the 
matrix). When cooled, they will act as crystallization centers and provoke the formation of defects, since they are sharp 
stress concentrators. 

Silicon crystallizes in the form of small spherical particles, so it can be stated that the modifier used is effective for 
influencing silicon, which is part of the eutectic (a+Si). At the same time, an adjustment of the technological process is 
required to influence the needle phases of Al,SiyFe,Mng. With the introduction of 0.2—0.5 % Mn, as a rule, it is possible 
to suppress the formation of brittle plates of Al,SiyFe-Mn, phase. However, in the studied melts (5-8), despite the Mn 
content of 0.28—0.32 %, this phase persists, since it is inherited from the source material. 

Discussion and Conclusion. Based on the results of the conducted scientific research, three main conclusions can be 
drawn. 

1. The structural-phase state of the source material is inherited in castings and in the presence of iron-containing 
phases in the form of brittle plates can negatively affect the quality characteristics of cast blanks. 

2. The light areas in the castings’ fractures are areas with smoothed relief. They were formed as a result of brittle 
fracture, which is due to the presence of a variable composition of Al,SiyFe,Mn, in the structure of brittle phase plates. 

3. The presence of Mn alloy in the chemical composition does not always suppress the formation of brittle plates of 
the iron-containing phase. If it is inherited from the source material, this traditional approach does not work and compact 
equiaxed polyhedra with a weaker negative influence are not formed. To improve the quality of castings, it is 
recommended to use ingots with a pre-modified structure in the charge, in which there are no inclusions of plates of the 
phase of variable composition Al,SiyFezMng. 
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